Introduction
Although the incidence of gastric carcinoma in the United States and some European countries has been steadily decreased over the last five decades, it is still the second most common cause of cancer deaths.1,2
The Lauren classification that categorizes gastric carcinoma to the intestinal and diffuse types is important for epidemiological studies. 3 It has been proposed that the intestinal type is caused mainly by environmental agents whereas factors specific to the individual are more impor-ed, recent studies show that they may playa role in the antitumor immune response. 9 Natural killer (NK) cells function as a component of innate immunity and serve as the first line of defense against neoplasms and virus-infected cells. s In some studies, it has been shown that NK cells that have a spontaneous cytotoxic activity against tumor cells can affect the prognosis of intestinal tumors. lO ,ll Taking these data into consideration, we retrospectively investigated the relationships between general characteristics of gastric adenocarcinomas, heat-shock proteins, natural killer cells and other prognostic factors in gastrectomy specimens.
Patients and Methods
The gastrectomy specimens of 94 patients who underwent surgery for gastric adenocarcinoma between 1996 and 1998 at the Erciyes University Medical School were evaluated. The macroscopic findings were obtained from the pathology reports. The hematoxylin-eosin-stained (HE) slides of all cases were re-evaluated. The histopathological features of the tumor, extension in the gastric wall and lymph node metastases were determined.
The tumors were classified into intestinal, diffuse and mixed types according to the Lauren classification. The mucosa adjacent to the tumor was examined for H. pylori, gastritis, 1M and dysplasia. Genta staining was used for H. pylori and staining with PAS-AB (pH: 2.5) and HID-AB (pH: 2.5) for 1M typing. After identification, 1M was classified into type 1, type 2 and type 3.
The heat-shock protein immunoreactivity and the number of NK cells in the tumor as well as the peritumoral areas were investigated by immunohistochemistry with the avidin-biotin method. Polyclonal rabbit anti-HSP70 antibody (DAKO Corporation,CA, USA) was used at a dilution of 1:700 and anti-human natural killer cell-like antibody (subclass: IgM, kappa, DAKO Corporation, CA, USA) was used at a dilution of 1: 150. The slides were evaluated by light microscopy. In all sections containing the tumor and the adjacent mucosa, HSP 70 staining in the tumor, adjacent mucosa, and metaplastic mucosa were evaluated. Specimens were considered positive only when brown cytoplasmic staining was present at least 5% of the contained epithelial cells (either normal or malignant) unequivocally expressed HSP70. The 5% cutoff was chosen because it conforms to the international European Organization for Research and Treatment of Cancer-Gynaecological Cancer Cooperative Group recommendations. For each tissue section, staining was assessed as negative, weakly positive or only focally positive (low-level expression), or strongly positive (high-level expression) and scored as 0, 1, or 2, respectively (Figure 1 and 2) . In all sections containing the tumor and the adjacent mucosa, the inflammatory cell infiltration in and around the tumor was examined for cells that stained positively with the anti-NK cell-like antibody. The counting was performed in 20 high power fields with the most prominent staining and the average value was calculated.
The X 2 test, unpaired t-test and one-way analysis of variance were used for statistical analysis.
Results
According to the Lauren classification, 56 patients (59.6%) had intestinal type tumors, 21 (22.3%) had diffuse type and 17 had mixed type (18.1%). Five patients (5.3%) had early gastric cancer; one was of the intestinal type (20%) and 4 of the diffuse type (80%). Mean patient age was 59.6; 57 (60.6%) patients were men and 37(39.4%) were women.
The tumor was limited to the mucosa in 2 cases (2.1%), submucosa in 3 (3.2%), muscular layer in 7 (7.4%) and subserosa in 3 (3.2%). The remaining 79 patients (84.04%) had tumors with serosal invasion; 44 of these patients (44.7%) had peritoneal carcinomatosis. The mean number of dissected lymph nodes per patient was 16. Seventy-three patients had lymph node metastasis. The frequency of lymph node metastasis was lower in intestinal type tumors in comparison with diffuse and mixed type tumors.
The degree of intratumoral and peritumoral inflammatory response showed high variability between patients. The degree of infiltration was higher in intestinal type tumors than in diffuse and mixed tumors.
The mucosa adjacent to the carcinoma exhibited chronic superficial gastritis in 9 cases (9.6%) and varying degrees of chronic atrophic gastritis in 85 cases (90.4%). 1M was observed in 86 cases (91.5%). In all patients with 1M, glands with 1M were observed as scattered patches in the normal mucosa. Twenty patients had type 21M, 24 had type 31M and the remaining patients had various combinations. Type 1 1M accompanied type 2 1M or type 3 1M in 12 patients. Because solitary type 1 1M was not observed, complete 1M was not taken into consideration. In cases with more than one type of incomplete metaplasia, type 3 was taken into consideration in view of its high malignant potential. 1M was present in 91.5% of the cases. Type 3 was the most common 1M type (p<0.05).
Genta staining showed that 65.9 % of the cases were H. pylori positive. There were no statistically significant differences in H. pylori positivity between the three groups.
In 36 cases, the mucosa adjacent to the tumor showed varying grades of dysplasia. High-grade dysplasia was more common than low-grade dysplasia. Dysplastic change (regardless of grade) was observed in 44.7% of intestinal type carcinomas, 47.1% of mixed-type carcinomas and 14.3% of diffuse-type carcinomas.
In the adjacent mucosa weak staining was observed in 64 patients (68.1%), strong staining in 20 patients (21.3%) whereas no staining was observed in 10 patients (10.6). In 48 sections positive for staining, the adjacent mucosa showed 1M; among these cases, HSP70 staining was positive in varying degrees in 42 (87.5%). HSP70 staining was more intense in type 3 1M than in type 21M. Seven tumors The number of NK cells in the intratumoral and peritumoral lymphocytic infiltration were determined separately ( Figure 4 ). This was achieved by counting the number of cells that stained with the NK cell-like antibody in 20 high-power fields and taking the average. The NK-cell like antibody stained the basal cells in the normal mucosa and peripheral nerves to varying degrees. However, there was no staining in metaplastic epithelium. In the mucosa distant from the tumor, the epithelial cells were singly and selectively stained whereas diffuse staining was observed in the mucosa adjacent to the tumor ( Figure 5 ). In 5 cases, (Table 2 ).
Discussion
Although there has been a decrease in the incidence in United States and other countries, the prognosis of gastric carcinoma is still paoLI
The Lauren classification has been used in epidemiological and morphological studies.!2 Although the actual percentages vary, the intestinal type is the most common type,u In our study, 94 tumors were classified according the Lauren classification: the intestinal type was most common, followed by the diffuse and mixed types.
Tumor infiltrating inflammatory cells reflect the host antitumor immune response better than the peripheral blood lymphocytes.!3 The antitumoral inflammatory response is an important prognostic factor in gastric carcinoma. Regardless of the tumor type, tumors with lymphoid stroma have better prognosis.u4,15 Inflammation is more common in intestinal type carcinomas.!
The cases in this series had varying degrees of antitumoral inflammatory response. The intratumoral and the peritumoral inflammatory infiltration were evaluated separately. The intratumoral infiltration was more prominent in intestinal type carcinomas than in diffuse type tumors.
Chronic atrophic gastritis is the most important precancerous lesion which shows the same geographic and hereditary distribution as gastric canceLl6 1M and chronic atrophic gastritis are steps in the pathogenesis of the intestinal type cancers that are more closely associated with environmental agents.1,4,!7,!8 In our series, regardless of the histological type, 90.4% of the cases had varying degrees of chronic atrophic gastritis. Remarkably, in addition to the intestinal type carcinomas, the mucosa adjacent to the diffuse and mixed type carcinomas also showed chronic atrophic gastritis.
1M is frequently associated with gastric cancer, gastric ulcer, duodenal ulcer and atrophic gastritis. 19 age. 30 In our study, examination of the Genta-stained sections revealed H. pylori in the mucosa adjacent to the tumor in 65.9% of the cases. The frequency of H. pylori infection did not differ between different tumor types. This finding was in accordance with the reports that show that H. pylori is associated with all types of carcinoma.
Heat-shock proteins are produced in response to environmental changes such as heat, ischemia, heavy metals, ethanol, toxins, oxidants, various bacterial and viral infections.? Their main function is protection of the body against stress.? Recently, it has been reported that heat-shock proteins play an important role in the antitumor immune response. Members of the HSP70 group were found to be expressed on the cell surface by some tumors under physiological conditions and after heat stress; they serve as immunogenic determinants for some effector cells. It has been proposed that HSP70-expressing tumor cells are more susceptible to lysis by IL-2-stimulated NK cells. 31 We performed staining with the HSP70 antibody using the standard immunohistochemical method to investigate the relationships between HSP70 staining intensity, general characteristics of gastric carcinomas, prognostic factors and the number of intratumoral and peritumoral NK cells. Increased HSP70 expression has been reported in atherosclerosis, ischemic diseases, neurodegenerative diseases, alcoholic liver disease, viral infections and some autoimmune disorders.? However, immunohistochemical studies on HSP70 in tumors are limited. But some recent reports have revealed that HSP70 is a good prognostic factor in esophageal squamous cell carcinoma and cervical intraepithelial neoplasia and cervical cancer. 32 ,33 However in primary tumors from patients with node-negative breast cancer HSP70 expression was found useful in identifying patients at high risk for disease recurrence. 34 Future studies should be performed to determine if detection of HSP70 by immunohistochemistry can be used to predict clinical outcome and to better understand the relationships between HSP70 and the effects of various treatment modalities. The HSP70 immunoreactivity was evaluated separately in the tumor cells, adjacent mucosa, mucosa with 1M, smooth muscle cells and fibroblasts and grade as weak or strong. Varying degrees of staining were observed in 92.5% of the tumors. The frequency of strong staining in intestinal type carcinomas was 62.5% that was significantly higher than the frequencies in the diffuse and mixed types. The difference may reflect that intestinal type carcinomas that are more related to environmental agents respond to stress better. If the atrophic mucosa-1M -dysplasia-carcinoma sequence for carcinogenesis is correct, the duration of intestinal carcinoma development should be longer in comparison with the diffuse type carcinomas. That the intestinal type carcinoma is observed in older patients supports this possibility. From this viewpoint, it may be speculated that both the tumor cells and the normal Vol 8, No 4, 2002 cells in intestinal type carcinomas have a longer period for a HSP70 response. The more intense HSP70 staining in intestinal type carcinomas may show that the prognosis can be affected by multiple mechanisms.
The 1M areas also showed varying degrees of staining. Tumors with type 3 1M showed more intense staining than tumors with type 21M. This result may reflect that the etiopathogenetic relationship is stronger in type 3 1M and carcinomas.
HSP70 staining showed a positive correlation with depth of tumor invasion and tumor size. Also, tumors with vascular invasion and lymph node metastasis showed significantly stronger staining. At first glance, these findings may appear to contradict the statements in the previous paragraph on the relationship between prognosis and HSP70 immunoreactivity. However, one point that should be kept in mind is that most of our patients had advanced carcinomas. The longer the body combats the tumor, the higher is the expected level of HSP70 which acts as a stress protein and participates in antitumor immunity.
Comparison of the HSP70 staining intensity with the number of intratumoral NK cells, showed that tumors without HSP70 immunoreactivity had lower numbers of NK cells in comparison with the two other groups. This result may be in accordance with the finding that tumor cells expressing HSP70 become more susceptible to NK cell-mediated lysis. Although only the number but not the function of NK cells was investigated in this report, the positive correlation between HSP70 immunoreactivity and NK cell number requires further attention.
The antitumor immune response has been extensively investigated.
14 Tumor infiltrating lymphocytes are believed to be an important determinant of the response of the host to the tumor. 35 NK cells are large granular lymphocytes that can lyse various neoplastic and nonneoplastic cells. These characteristics have attracted attention in tumor immunotherapy. In response to various cytokines including interferons, the number and functional activity of NK cells increase. 3638 In several studies, NK cells which have spontaneous cytotoxic activity against tumor cells were found to be associated with prognosis in various intestinal cancers. lO ,ll In this study, we determined the average number of cells staining with the NK cell-like antibody in the peri-and intratumoral inflammatory cells. There was a statistically significant correlation between the degree of inflammatory infiltration and the number of NK-like cells in the infiltrate. We found no statistically significant association between the number of intratumoral and peritumoral NK cells and histological tumor type, size, depth of invasion, lymph node metastasis, vascular invasion, age, sex, 1M type and H. pylori presence. In intestinal type carcinomas , the number of NK cells in the tumor were significantly higher than in other types. This tumor type has a relatively better prognosis.
,14
The higher number of NK cells in intestinal type carcinomas is in accordance with the previous findings that NK cells playa role in the prognosis of many gastrointestinal cancers.u However, the degree of intratumoral inflammatory infiltration in intestinal type carcinomas is higher than in diffuse type cancers.! This may account for the comparatively higher numbers of NK cells. In order to determine its role in prognosis definitely, prospective follow up and its interaction with other factors are required.
Although it was not statistically significant the number of NK cells was lower in tumors larger than 10 cm. Survival decreases significantly with increasing tumor size. The low number of NK cells in large tumors is in accordance with this finding. However, whether the low number of NK cells is a cause or result of large tumor size is unknown.
The number of NK cells in early gastric cancers were lower than in more advanced tumors. On the other hand, the NK cell count was significantly lower in tumors with serosal involvement. In other words, there was a relationship between the number of peritumoral NK cells and the depth of invasion. However, in early gastric cancers, both the degree of intratumoral inflammatory cell infiltration and the number of NK cells were lower than in advanced tumors. This may be due to the fact that the antitumor immune response has not found time to reach the intratumoral areas. It has been reported that in early gastric cancers, the intratumoral inflammatory cell infiltration does not affect the prognosis.! Probably an inflammatory response develops around the tumor at an earlier stage and serves as a barrier that prevents dissemination.
Vascular invasion is a known poor prognostic factor in gastric cancers.! Although the trend did not reach statistical significance, the number of peritumoral NK cells was higher in cases without vascular invasion. Cases with vascular invasion and lymph node metastasis had higher numbers of intratumoral NK cells than the other cases.
In a prospective study on colorectal carcinoma, the higher the number of NK cells in the tumor, the better was the prognosis. 6 In our study, if the tumor type is not taken into consideration, the number of peritumoral NK cells was more closely associated with other prognostic factors.
In our study, the epithelia of the basal layer glands in the mucosa adjacent to the tumor also stained with the NK cell-like antibody. In the mucosa away from the tumor, cells were stained selectively and singly whereas in the mucosa adjacent to the tumor, staining was diffuse. The majority of the CDS7-positive cells give a positive reaction to the NK cell-like antibody. In some studies, neuroendocrine cells were found to interact with the CDS7 antibody. 6 The singly stained cells in our study were chromogranin positive neuroendocrine cells. Diffuse staining of the adjacent mucosal glands may suggest that some epithelial cells assume NK cell function.
Determination of prognostic factors in gastric carcinoma is very important for the clinicians. In addition to the known prognostic factors such as depth of invasion, lymph node metastasis, vascular invasion, tumor size and antitumor inflammatory response, factors such as HSP70 immunoreactivity should also be taken into consideration. We believe that our study will be a basis for future prospective studies using molecular biological methods.
